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Objective. To use Finnvasc to determine whether the Glasgow Aneurysm Score predicts postoperative outcome after open
repair of abdominal aortic aneurysm (AAA).
Design. Retrospective study.
Material and methods. The operative risk of 1911 patients undergoing open repair of AAA was retrospectively graded
according to the Glasgow Aneurysm Score.
Results. At 30 days 100 (5%) patients had died and 21% had developed severe postoperative complications. Receiver
operating characteristics (ROCs) curve analysis showed that the Glasgow Aneurysm Score was predictive of postoperative
mortality (area under the curve (AUC): 0.668, p , 0.0001), severe complications (AUC: 0.654, p , 0.0001), cardiac
complications (AUC: 0.689, p , 0.0001) and intensive care unit stay.5 days (AUC: 0.634, p , 0.0001). Patients scoring
.76 had significantly higher mortality (9% vs. 3%, p , 0.0001), severe (31% vs. 15%, p , 0.0001) and cardiac
complications (12% vs. 4%, p , 0.0001) and intensive care unit stay .5 days (12% vs. 6%, p , 0.0001).
Conclusions. The Glasgow Aneurysm Score is a rather good predictor of immediate postoperative mortality and morbidity
after elective open repair of AAA.
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Introduction
Rupture of abdominal aortic aneurysm (AAA) is
associated with an overall mortality rate of over
80%.1,2 Elective open repair of AAA can prevent
such a catastrophic event, but it is associated with a
postoperative mortality risk ranging from 0 to 12%.3
Because of this, elective repair of AAA is indicated
only for patients with an aneurysm at high risk of
rupture and with an acceptable operative risk.
However, so far there is a lack of valuable risk
stratification methods for selection of patients with
AAA who would likely benefit the most from
undergoing a much less invasive treatment such as
endovascular grafting.4 Risk stratification would
also be useful to identify those patients who
would require preoperatively extensive cardiac
evaluation, treatment of coronary artery disease
and optimization of oxygen delivery, and those
whose operative risk is prohibitive.
The currently available risk assessment scoring
systems have been derived from patients undergoing
non-cardiac surgery, thus, are not specific for patients
with AAA. Furthermore, often they lack accuracy5 and
their complexity prevents their use at the bedside.
Samy and collaborators6,7 proposed the Glasgow
Aneurysm Score as a simple scoring system specifi-
cally derived from patients undergone open repair of
AAA. A recent retrospective study from two centres
for vascular surgery in Northern Finland showed that
this scoring system is a good predictor of both the
immediate and long-term outcome after elective open
repair of AAA.8
In order to assess the value of the Glasgow
Aneurysm Score in a large population-based series,
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this scoring system was evaluated in patients with
AAA whose data are included in the Finnvasc registry.
Patients and Methods
Data on 1911 patients undergoing elective repair for
AAA from January 1991 to December 1999 were
included in a cross-sectional registry based analysis
in Finland. Pre-, intra and postoperative data were
prospectively collected according to the criteria of the
vascular surgery registry Finnvasc.
Systematic data collection of all vascular
procedures into a national registry Finnvasc was
initiated in the beginning of 1990’s in Finland. The
details of Finnvasc protocol are described elsewhere.9
In the study, protocol is recorded the preoperative
patient data, including the indication for surgery,
operative details and data concerning the 30-day
outcome. All vascular operations, including endovas-
cular procedures and access surgery, are registered.
Primary amputations and surgery for varicose veins
are excluded from this registry.9
Herein, the Glasgow Aneurysm Score was calcu-
lated for each patient according to the following
formula: risk score ¼ (age in years) þ (seven points
Table 1. Preoperative clinical variables and their distribution according to the postoperative outcome end-points.
No.
(%)
Postoperative death
(%)
Severe postoperative
complications (%)
Postoperative cardiac
complications (%)
ICU stay .5 days
(%)
Age (years)
No 68 ^ 8 68 ^ 8*** 67 ^ 8*** 68 ^ 8*** 68 ^ 8**
Yes 71 ^ 8 70 ^ 7 71 ^ 6 70 ^ 7
Sex
Males 1672 (87) 85 (5) 346 (21) 123 (7) 143 (9)
Females 239 (12) 15 (6) 56 (23) 16 (7) 20 (8)
Chronic obstructive pulmonary disease
No 1645 (86) 86 (5) 327 (20)** 116 (7) 125 (8)***
Yes 266 (14) 14 (5) 75 (28) 23 (9) 38 (14)
Cerebrovascular disease
No 1695 (89) 87 (5) 340 (20)** 116 (7)* 131 (8)***
Yes 216 (11) 13 (6) 62 (29) 23 (11) 32 (15)
Coronary artery disease
No 996 (52) 36 (4)** 157 (16)*** 28 (3)*** 61 (6)***
Yes 915 (48) 64 (7) 245 (27) 111 (12) 102 (11)
Renal failure
No 1227 (96) 86 (5)*** 357 (19)*** 129 (7) 151 (8)
Yes 84 (4) 14 (17) 45 (54) 10 (12) 12 (14)
Current smoking
No 1625 (66) 73 (6) 263 (21) 95 (7) 112 (9)
Yes 646 (34) 27 (4) 139 (21) 44 (7) 51 (8)
Hypertension
No 1129 (59) 49 (4)* 210 (19)** 71 (6)* 85 (7)
Yes 782 (41) 51 (6) 192 (25) 68 (9) 78 (10)
Hyperlipidemia
No 1663 (7) 90 (5) 357 (21) 121 (7) 149 (90)
Yes 248 (13) 10 (4) 45 (18) 18 (7) 14 (6)
Diabetes
No 1776 (93) 93 (5) 368 (21) 125 (7) 150 (8)
Yes 135 (7) 7 (5) 34 (25) 14 (10) 13 (10)
Previous peripheral vascular operation or amputation
No 1730 (90) 84 (5)* 346 (20)** 119 (7)* 135 (8)***
Yes 181 (9) 16 (9) 56 (31) 20 (11) 28 (15)
Leg ischemia as further indication for operation
No 1749 (91) 85 (5)* 353 (20)** 122 (7) 140 (8)**
Yes 162 (8) 12 (9) 49 (30) 17 (10) 23 (14)
Symptomatic aneurysm
No 1555 (81) 65 (4)*** 313 (20)* 103 (7)* 130 (8)
Yes 356 (19) 35 (10) 89 (25) 36 (10) 33 (9)
Lowest preoperative ABI value (987 pts.)
No 0.90 ^ 0.2 0.91 ^ 0.2* 0.92 ^ 0.2*** 0.90 ^ 0.2 0.91 ^ 0.2***
Yes 0.80 ^ 0.3 0.84 ^ 0.2 0.85 ^ 0.3 0.81 ^ 0.2
Glasgow Aneurysm Score
No 73 ^ 10 73 ^ 10*** 72 ^ 105*** 72 ^ 10*** 73 ^ 10***
Yes 78 ^ 11 77 ^ 10 79 ^ 9 77 ^ 9
Significance of distribution differences in subgroups is reported according to the results of univariate analysis; *p , 0:05; **p , 0:01;
***p , 0:0001; continuous variables are reported as the mean ^ S.D.; ABI, ankle/brachial index.
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for myocardial disease) þ (10 points for cerebrovascu-
lar disease) þ (14 points for renal disease).6,7 Myocar-
dial disease refers to previously documented
myocardial infarction and/or ongoing angina pectoris.
Cerebrovascular disease refers to all grades of stroke
including transient ischemic attacks. Renal disease
refers to a history of chronic and acute renal failure,
and/or serum level of urea over 20 mmol/L and/or
creatinine serum level greater than 150 mmol/L.
According to the Finnvasc criteria, coronary artery
disease refers to a history of myocardial infarction,
angina, ischemic changes on ECG, and previous
coronary artery bypass surgery. It is not clear whether
previous coronary artery bypass surgery is included in
the original Glasgow Aneurysm Score. These are the
Finnvasc definition criteria for other risk factors:
diabetes: hyperglycemia requiring diet, oral medi-
cation or insulin treatment; hyperlipidemia: a serum
concentration of cholesterol .6.5 mmol/L or of
tryglycerids .2.03 mmol/L; hypertension: medi-
cation for hypertension or arterial pressure
.160/95 mmHg; cerebrovascular disease: history of
stroke or transient ischemic attacks; pulmonary
disease: asthma or chronic obstructive pulmonary
disease; renal failure: creatinine . 150 mmol/L;
previous arterial revascularization or amputation:
history of arterial surgical and/or endovascular
revascularization or lower limb amputation; smoking:
current smoker or smoking during the previous
5 years.
The outcome endpoint herein named as severe
postoperative complications refers to any of the
following complications: cardiac, cerebrovascular,
renal, pulmonary, sepsis, peripheral arterial and
venous complications, multiorgan failure, intestinal
ischemia and lower limb amputation.
A SPSS statistical package (version 10.0.5, Chicago,
Illinois, USA) was used for statistical analysis. Con-
tinuous variables are reported as the mean ^ standard
deviation. The Chi-square test and the Mann–Whitney
test were used to assess the distribution of variables
among different outcome end-points. The receiver
operating characteristic (ROC) curve was used to
evaluate the value of the Glasgow Aneurysm Score in
predicting the postoperative outcome end-points and
to estimate its best cut-off values according to the
highest sensitivity and specificity. Logistic regression
with backward selection was used for multivariate
analysis of the effect of risk factors on the outcome.
Only the preoperative clinical variables with p , 0:1 at
Fig. 1. Plots showing the rates of postoperative mortality and complications in different tertiles of the Glasgow Aneurysm
Score.
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univariate analysis were included in the multivariate
analysis model. A p , 0:05 was considered statistically
significant.
Results
Patients’ characteristics are reported in Table 1. During
the 30-day postoperative period, 100 patients (5%)
died, 402 (21%) had severe postoperative compli-
cations, 139 (7%) had cardiac complications, and in 163
cases (8%) the intensive care unit stay was longer than
5 days. The other postoperative complications are
reported in Table 2. Cardiac complication was the
cause of death in 16 patients (1%), thus in 11% of those
having had postoperative cardiac complications.
Table 1 summaries the distribution of preoperative
risk factors among different outcome end-points.
Univariate analysis showed that the Glasgow Aneur-
ysm Score was one of the strongest predictors of
outcome in this patient’s series (Table 1 and Fig. 1).
Among the variables included in the latter scoring
system, patient’s age, coronary artery disease and
renal failure were the ones most associated with poor
outcome.
Since the lowest preoperative value of ankle/bra-
chial index was available only in 987 patients, this
variable was not included in the logistic regression
model. However, the ankle/brachial index was sig-
nificantly lower in patients requiring treatment of both
AAA and lower limb ischemia (0.58 ^ 0.21 vs.
0.95 ^ 0.19, p , 0:0001), thus we believe that the latter
parameter well represented also the ankle/brachial
index in the logistic regression model (Table 3).
According to the multivariate analysis, the Glasgow
Aneurysm Score was shown to be independent
predictor only of intensive care unit stay longer than
5 days (Table 3). Three out of four variables included in
this scoring system were independent predictors of
postoperative mortality and of severe postoperative
complications.
The ROC curve analysis showed that the Glasgow
Aneurysm Score was predictive of the main outcome
end-points (Table 4). A cutoff of 76 for this scoring
system was identified as the best one for each of the
Table 2. Postoperative complications.
No. (%)
Respiratory complications 168 (9)
Cardiac complications 139 (7)
Hematoma 129 (7)
Renal complications 89 (5)
Peripheral arterial complications 64 (3)
Superficial wound infection 51 (3)
Intestinal obstruction 57 (3)
Wound deischence 50 (3)
Cerebrovascular complications 39 (2)
Multiorgan failure 27 (1)
Seroma 23 (1)
Sepsis 22 (1)
Intestinal ischemia 20 (1)
Deep wound infection 15 (1)
Vein thrombosis 8 (0.4)
Table 3. Results of logistic regression analysis.
Outcome end-points and independent predictors p-value Odds ratio 95% Confidence interval
Postoperative mortality
Patient’s age 0.001 1.05 1.02–1.08
Coronary artery disease 0.004 1.88 1.23–2.88
Renal failure ,0.0001 3.88 2.06–7.32
Leg ischemia as further indication for operation 0.005 2.33 1.28–4.23
Symptomatic aneurysm ,0.0001 2.56 1.65–3.97
Severe postoperative complications
Patient’s age ,0.0001 1.05 1.03–1.06
Coronary artery disease ,0.0001 1.81 1.43–2.28
Renal failure ,0.0001 4.34 2.72–6.94
Leg ischemia as further indication for operation 0.002 1.82 1.25–2.66
Hypertension 0.01 1.35 1.07–1.70
Previous peripheral vascular operation or amputation 0.005 1.66 1.16–2.38
Pulmonary disease 0.02 1.43 1.06–1.95
Postoperative cardiac complications
Patient’s age ,0.0001 1.06 1.03–1.09
Coronary artery disease ,0.0001 4.62 3.01–7.10
Hypertension 0.02 1.50 1.05–2.15
Symptomatic aneurysm 0.03 1.57 1.04–2.37
Intensive care unit stay . 5 days
Leg ischemia as further indication for operation 0.007 1.95 1.20–3.19
Previous peripheral vascular operation or amputation 0.001 2.10 1.33–3.31
Pulmonary disease 0.003 1.81 1.22–2.70
Glasgow Aneurysm Score ,0.0001 1.04 1.03–1.06
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main outcome end-points. Patients having a score of
.76 had significantly higher rates of postoperative
mortality (9% vs. 3%, p , 0:0001), severe compli-
cations (31% vs. 15%, p , 0:0001), cardiac compli-
cations (12% vs. 4%, p , 0:0001) and intensive care
unit stay .5 days (12% vs. 6%, p , 0:0001).
Discussion
Preoperative estimation of the operative risk of
patients with AAA is mainly based on the clinician’s
perception of risk as assessed by the presence or
absence of a number of risk factors. Indeed, the use at
the bedside of currently available risk stratifying
scoring methods is prevented by their complexity.
Attempts to simplify such scores, originally derived
from series of patients undergoing heterogenous non-
cardiac surgical procedures, has resulted into inaccur-
acy in predicting the outcome after open repair of
AAA.10 Furthermore, most of this scoring systems
were developed just to estimate the risk of post-
operative cardiac complications,5 which although
being the most important one, is not the sole cause of
death after elective open repair of AAA.8
Sutton et al.11 suggested that when formulating a
risk assessment scoring system it is important that this
is accurate, quick and easy to use at the bedside,
should include a small number of variables which are
available for every patient, be in common use across
the healthcare system and leave little room for
observer bias. The Glasgow Aneurysm Score has all
of these characteristics and the present study provided
evidence that it is a rather good predictor of outcome.
Its predictive value was, however, less convincing
when analyzed by the results of the multivariate
analysis. Furthermore, the areas under the receiver
operator characteristic curve were not as satisfactory
as observed in a previous study.8 In the present study
the assessment of its value might be biased by the fact
that registry derived data are never complete. Some
25% of all elective aneurysms operated were likely to
be missing according to calculations made on the basis
of previous Finnvasc data.12 Furthermore, the risk
factor data has been observed to be vulnerable for
omissions and errors.13 The observed limited impact
of cerebrovascular disease on the outcome may have
skewed the result as its predictive value is somewhat
over-weighted in the Glasgow Aneurysm Score. In any
case, it represents a rather successful attempt to
formulate a risk scoring system for patients under-
going surgical treatment of a specific disease. Fig. 1
shows that the Glasgow Aneurysm Score is a good risk
stratification tool and the clinician by its use may
quickly and easily decide whether the patient with an
AAA may undergo open surgical repair as having a
low operative risk. In those patients with a post-
operative mortality risk approaching 10% (a Glasgow
Aneurysm Score $78 as herein estimated), a con-
servative treatment could be considered especially if
the diameter of the aneurysm is below 7 cm. In fact, a
recent study showed that the cumulative incidence of
rupture at two-year follow-up in patients with an
initial AAA diameter of 5.5–6.9 cm was about 20%,
with a definite incidence of rupture as assessed at
autopsy, surgery or computed tomographic scan of
16.5%.14 Otherwise, the perceived less invasive nature
of endovascular grafting would provide most of its
potential benefits in patients with both such a high
operative and aneurysm rupture risk.
In conclusion, the Glasgow Aneurysm Score is an
easy and rather good tool for stratification of the
operative risk in patients undergoing elective open
repair of AAA. Further investigations are required to
verify its value and possibly to improve it by adjusting
its variable weighting factors.
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AUC 95% CI S.E. p-value Sensitivity (%) Specificity (%) Accuracy (%)
Postoperative mortality 0.668 0.613–0.723 0.028 ,0.0001 61.0 64.8 64.6
Severe postoperative complications 0.654 0.623–0.684 0.016 ,0.0001 54.7 68.2 65.6
Cardiac complications 0.689 0.647–0.731 0.022 ,0.0001 61.1 65.3 65.0
ICU stay . 5 days 0.634 0.590–0.677 0.022 ,0.0001 53.4 65.0 64.0
The sensitivity, specificity and accuracy refer to a cutoff value of this risk scoring method of 76. AUC, area under the curve; 95% CI, 95%
confidence interval; S.E., standard error; ICU, intensive care unit.
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